Summary. The Introduction.
Summary. The energy balance of an adult in stable conditions and eating ad libitum is in equilibrium over a long term as well as just during the 24 hrs period. The activity phase of an individual may be diurnal or nocturnal, depending on the species ; this phase corresponds to relative hyperphagia and storage of the metabolites ingested but not used to cover continuous energy expenditure. During the resting phase, a compensatory process includes hypophagia and mobilization of the previously stored metabolites. The energy ballast is mainly represented by the adipose tissue, a store normally partly mobilized and reconstituted alternately. This metabolic pattern results from a neuroendocrine sequence whose partly known mechanism is the basis of the liporegulatory process. Obesity is caused by the alteration of this physiological mechanism regulating the adipose mass.
Two factors seem to be the key to the very complex syndrome of hypothalamic obesityFirst, after lesion the feeding and metabolic light-dark cycle is abolished (the resting phase, hypophagia and lipolysis disappear) ; second, the cephalic phase of prandial events and particularly of insulin secretion is greatly enhanced. Works on this subject strongly suggest that hypothalamic lesion causes parasympathetic-sympathetic imbalance. In the normal resting animal, the stores are mobilized mainly by the sympathetic nervous system ; lower sympathetic activity in the lesioned animal would explain the absence of store mobilization. Increased parasympathetic activity would stimulate excessive preabsorptive insulin secretion under vagal control, producing the hyperinsulinemia characteristic of these animals.
Recessive genetic obesities are due to a simple molecular variation in the DNA sequence coding a peptide which may be an enzyme or a structure protein. The recent hypothesis proposing that the genetic deficiency of ob/ob mice is due to defective regulation of thyroiddependent (Na + K + )-ATPase is satisfying because it explains most of the metabolic and behavioral deviations described in those animals, particularly hyperinsulinemia.
The mechanism eliciting dietetic obesity has not been extensively studied. A probable, as yet unconfirmed, hypothesis emphasizes a putative relation between food palatability and the amount of the insulin secreted reflexly in response to oral stimulation by that food.
Recent studies have reported an experimental model of hyperphagia related to stress (tail pinch).
Whatever the type of obesity, four symptoms are always present : hyperphagia, hyperinsulinism, insulin resistance and increased lipogenesis. Any one of these symptoms automatically causes the others which, in turn, acerbate it. Insulin resistance is the retroactive factor limiting the process.
Introduction.
The energy balance of the living organism has three parameters : energy loss in the form of heat and work, energy intake in the form of ingested nutriments and th6 energy mass which involves the structural material and the stores of the organism.
In the adult, maintained in steady state conditions and eating ad libitum, this balance is equilibrated inasmuch as the third term is constant. Also, continuous metabolic expenditure and oxygen supply are associated with discontinuous energy supply in the form of meals. A study of the feeding pattern of many species has shown a dual periodicity (Duncan et al., 1970 ; Le Magnen and Tallon, 1966 ; Natelson and Bonbright, 1978 ; Sanderson and VanderVl!eele, 1975 ; Wolf and Hainsworth, 1977 (Aparicio et al., 1974 ; Carroll and Nestel, 1973 ; Gibson and Jarrett, 1972 ; Malherbe et al., 1969 ; Schlierf and Dorow, 1973 ; Sensi and Capani, 1976) Brobeck, 1952 ; Grossman et al., 1978 ; Stricker, Swerdloff and Zigmond, 1978) and definitively prevents glucopeniciinduced food intake when insulin or 2-deoxy-D-glucose (2 DG) is intravenously infused (Epstein and Teitelbaum, 1967 ; Nicolaidis and Meile, 1972) .
However, after the same lesion, the metabolic responses to the induced glucopenia remain (Epstein, Lee and Ku, 1965 ; Frohman and Nagai, 1976 ; Panerai et al., 1975 ). An intrahypothalamic glucose injection inhibits the food intake elicited by systemic insulin injection but does not suppress the metabolic effects of that injection (Booth, 1968 ; Epstein, 1960 ; Stricker and Rowland, 1978) .
Any VMH lesion causes a syndrome extending the nocturnal feeding and metabolic characteristics of the normal rat to the diurnal period (Le Magnen et al., 1973 When available glucose drops steadily during the day, the metabolic response would be induced before food intake and would thus prevent it ; at night, there would only be a feeding response.
The description and interpretation of various types of experimental obesity which follow will be based on the preceding explanation of the liporegulatory mechanism.
Hypothalamic obesity
The hypothalamic obesity seen after VMH lesioning has been obtained in many species such as rats, mice, pigs, geese, monkeys and cats but has been particularly studied in the first two. Several VMH lesion techniques using electrolytes (Hetherington and Ranson, 1940), radio frequencies (Hoebel, 1965) (Brecher and Waxler, 1949 ; Debons et al., 1962) but fatal in the rat.
Some studies have minutely reviewed the hypothalamic syndrome (Bray and Gallagher, 1975 ; Brobeck, 1946 ; Mayer and Thomas, 1967) , and therefore only the important points will be mentioned here. The lesioned animal shows hyperphagia which may reach a 100 p. 100 increase immediately after lesioning and continue during the so-called dynamic phase when weight gain is rapid ; food intake then decreases progressively until it reaches the presurgery level. During this static phase, weight gain slows down to zero and then stabilizes ; its reduction byfasting or increase by force-feeding is followed by compensatory augmentation or reduction of food intake (Hoebel and Teitelbaum, 1966 ; Panksepp et al., 1975) . The feeding pattern of the lesioned rat shows frequent large meals. Its important characteristic is the obliteration of the day-night difference, since hyperphagia is largely due to the increase of the amount of food ingested during the resting period, i. e. the day. The palatability of the food offered greatly affects the amount of food intake, lesioned rats being more sensitive than normal ones to the positive aspect of palatability while their response to negative palatability is unchanged (Corbit and Stellar, 1964 ; Ferguson and Keesey, 1975) . The lesioned animal is traditionally described as incapable of working to obtain food (Teitelbaum, 1957 (Rabin, 1974 ; Han, 1968) .
Obesity has sometimes been partly attributed to decreased physical activity (Brooks, 1946) (Haessler and Crawford, 1967 ;  May and Beaton, 1966 ; Kasemari, Bernardis and Schnatz, 1972) .
It is evident that the high circulating insulin level plays a major part in these metabolic disorders. But is it the only cause ? Hypothalamic lesion also induced obesity in diabetic rats treated with insulin Brooks, 1965) . Vagotomy in lesioned rats makes obesity disappear (Powley and Opsahl, l , 1974) . There is a significant correlation between the gastric acid and basal insulin levels (1979) and diagrammatically represented in figure 1, emphasizes the imbalance between parasympathetic and sympathetic activity resulting from VMH.
The drop in sympathetic activity causes hypoglucagonemia, a decrease in lipolysis which, in turn, enhances hyperinsulinemia. The inhibition of diurnal lipolysis explains the disappearance of metabolic and feeding cyclicity.
Also, the augmentation of parasympathetic activity alone, affecting mainly the cephalic phase of insulin secretion, produces per se hyperinsulinemia (Powley, 1977 (Chlouverakis, 1972) , and hyperphagia appears in the young after a visible increase in adipocyte size and body weight.
The plasma insulin level, which increases at about the third neonatal week (Dubuc, 1976) , is multiplied by four at week 6 and by fifty at 6 months. It decreases in old animals (Genuth, 1969 ; (Ashwell and Meade, 1978) . Lipectomy in obese animals is followed by the compensatory growth of other depots (Chlouverakis and Hojnicki, 1974 (Otto, Taylor and York, 1976 ; York, Otto and Taylor, 1978) . This disorder could be explained by a deficiency of Na + K + -ATPase activated by thyroid hormones ; its importance will be discussed later.
The complete or partial sterility of ob/ob mouse males and females has been attributed to a lack of gonadotropic stimulation (Swerdloff et at., 1976 . The pituitary of obese mice may be functionally immature (Nemeroff, Bisette and Kizer, 1978) .
Some symptoms such as reduced metabolic rate, reduced body temperature, low resistance to cold and hypoactivity are correlated with thyroid disorders. However, this defective sensitivity to thyroid hormones is not general ; it is limited to thermogenesis. In this regard also the suspicious defect concerns Na + K + -ATPase.
Recessive genetic obesities result from a molecular change in the DNA sequence coding a single peptide which may be an enzyme or a structure protein. The hypothesis of Bray, York and Yukimura (1978) proposes that the genetic defect in ob/ob mice is deficient regulation of thyroid-dependent Na + K + -ATPase ; this theory is attractive because it explains most of the metabolic and behavioral symptoms described in these animals ( fig. 2 ).
This enzyme defect may act independently at many sites ; only two examples will be given here. It has been shown recently (Levin, Kasson and Driessen, 1978 ) that a reduction of Na + K + -ATPase activity is associated with the insulin response elicited by glucose. This could explain the hyperinsulinemia.
The catecholamines have a major role in the hypothalamic control offood intake ; however, the presynaptic recovery of this transmitter is a process which depends on the suspected enzyme (Iwatsuka et al., 1970 figure 3, originates ten pituitary substances and hormones which may secondarily affect other hormones. Thus, the adrenal cortex hormones would be affected by normal pituitary ACTH and the insulin by pituitary p-endorphin which is also abnormal.
Nutritional obesities
Early studies (Ingle, 1949) showed that restriction of activity and free access to a high calorie, palatable diet caused substantial weight gain in normal rats. Many later experiments (Barboriak et al., 1958 ; Fenton and Carr, 1951 ; Mickelsen, Takahashi and Craig, 1955 ; Peckham, Entenman and Carrol, 1962 ; Schemmel, Mickelsen and Fisher, 1973) have shown that a high-fat diet can cause obesity. The animal usually compensates for the increased caloric density of the high-fat diet by decreasing the amount of food intake ; however, this adjustment is not perfect and caloric intake remains high (Lyon, Dowling and Fenton, 1953; Schemmel et al.,1970a) . Hyperphagia and weight gain depend not only on the lipid level of the diet but also on animal age and strain. Thus, while Osborne-Mendel rats kept on a 60 p. 100 lipid diet ate 20 p. 100 of additional calories, SSB/Pi rats in the same conditions took only 5 p. 100 (Schemmel et al., 1970a) . Although this obesity may be obtained at any age, the effect of the high-fat diet is more marked in young animals (Schemmel et at., 1969 (Schemmel et at., , 1970b ). Sex differences in response to the high-fat diet are more evident in fat store distribution than in the total percentage of adipose tissue (Schemmel et al., 1969 (Schemmel et al., , 1970b .
Obesity caused by carbohydrates has been the object of a recent study by Kanarek and Hirsch (1977) . These 
Stress obesity
In the last 5 years, the animal model has been used to study obesity as related to stress. A non-specific tail pinch without visible pain elicits food intake in the surfeited rat (Rowland and Antelman, 1975 
